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Description

[0001] This invention relates generally to independent
suspensions particularly useful in off-highway applica-
tions and specifically to an independent suspension
which is modular, in that it can be used in steering or
non-steering configurations and with both driven and
non-driven axles. More specifically, the suspension is
characterized by a low spring rate, long wheel travel,
high ground clearance and flexible frame adaptability.

BACKGROUND OF THE INVENTION

[0002] In order to appreciate the uniqueness of the in-
stant invention several terms used herein require defi-
nition.
[0003] A high speed surface is defined as terrain
which has no obstacles with height that exceeds wheel
travel.
[0004] A low spring rate means that a wheel is allowed
to travel or be displaced upwardly to accommodate a
sudden change in terrain with minimal change in vertical
force. Since the change in vertical force is what causes
vertical body motion, a low spring rate suspension sys-
tem allows a vehicle to travel such terrain with very little
input to chassis and driver. A further advantage of a low
spring rate is a decrease in the rearward thrust that is
generated as the wheel encounters a positive bump.
This "give" or "easing" of the rearward thrust not only
reduces driver fatigue but it decreases the power nec-
essary to traverse rough terrain. A low spring rate also
decreases the forward thrust required to propel a given
wheel up the leading edge of a low-speed obstacle,
thereby reducing the tractive effort required. Since less
traction is required, the modular independent suspen-
sion can negotiate low-speed obstacles with steeper
leading edges and under more slippery conditions.
[0005] Long wheel travel refers to the vertical motion
of a wheel during travel and refers specifically to the ex-
tension of the extremes of terrains which are classified
as "rough", thereby increasing the variety of surfaces
which the modular independent suspension can cross
at high speeds. An increase in long wheel travel also
increases the height of obstacles which can be negoti-
ated with all tires in contact with the ground. Mainte-
nance of tire-ground contact increases mobility and
combats vehicle roll-over.
[0006] A low-speed surface is terrain made up of ob-
stacles with heights that exceed wheel travel.
[0007] High ground clearance refers to the height of
an obstacle that can pass between the tires of a given
axle.
[0008] A flexible frame refers to the basic structural
framework of the vehicle and connotes the ability of the
frame to torsionally deflect during operation. The exist-
ence of a flexible frame, in effect, increases the effective
wheel travel while negotiating low-speed obstacles.
[0009] As the road system deteriorates in most West-

ern nations and as the demand for efficient low cost off
highway vehicles increases, the use of independent
suspensions on off highway vehicles is of greater and
greater importance. Although many independent sus-
pension systems have been developed and gone into
use, none appear to be entirely satisfactory for a wide
range of operating environments. For example, few, if
any, independent suspension systems are truly modular
in the sense that they can be applied to steerable or non-
steerable wheels, and driven or non-driven axles. Fur-
ther, the current trend is to design stronger and more
rigid frame structures to meet increasingly severe oper-
ating conditions and, experience has shown, this is tech-
nically questionable in many applications. And in few if
any systems is there any significant degree of commo-
nality of components from wheel to wheel. This latter
feature is of increasing significance because unique
constructions, wheel to wheel, increase initial cost,
maintenance costs, inventory stocking, and skill levels
required to keep fleets of heavy duty vehicles operating
at high efficiency. Further, in many present independent
suspensions operator fatigue is a serious concern. In
many systems the wheel travel is so low that the oper-
ator is constantly applying and releasing the throttle and
yet, even with frequent speed changes, the vertical forc-
es imparted to the operator's cab is frequent during an
eight-hour shift.

SUMMARY OF THE INVENTION

[0010] The present invention includes a modular in-
dependent suspension which can be applied to steering
or non-steering configurations for both driven and non-
driven axles. Two such suspension modules, identical
except for being the mirror image of the other, create the
right and left suspensions for a given axle position.
[0011] In addition, the modules make available unu-
sually long wheel travel. This derives, in part, from the
use of articulated control arms and a flexible frame. In-
deed, whereas one wellknown suspension system has
about 14υ inches of wheel travel, the module of the
present invention makes available about 18 inches, an
increase of approximately 25 percent, and, when cou-
pled with a flexible frame, re-defines the high-speed sur-
face for which the vehicle is adapted up to about 23 inch-
es, approximately a 60 percent increase.
[0012] Simultaneously with the above-described long
wheel travel the modular independent suspension of
this invention provides a low spring rate which accom-
modates sudden changes in terrain with minimal
change in vertical force resulting in less impact to the
chassis and the driver, a decrease in rearward thrust as
the wheels encounter a positive bump, a decrease in
the traction effort required, and an increase in the ability
to negotiate low-speed obstacles with steeper leading
edges and under more slippery conditions more effi-
ciently, all as contrasted to current commercial designs.
[0013] A suspension module in accordance with the
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invention starts from DE-A-18 06 332, on which the pre-
amble of claim 1 is based, and achieves the desired re-
sult through the characterizing features of claim 1. Pre-
ferred features of the invention are claimed in the sub-
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The invention is illustrated more or less dia-
grammatically in the accompanying drawing in which:

Figure 1 is a side perspective of an off-highway ve-
hicle having the modular independent suspension
of this invention and illustrating the traverse of an
obstacle by one wheel of a four-axle vehicle;
Figure 2 is a rear elevation of the modular independ-
ent suspension of this invention with parts broken
away and others omitted for clarity;
Figure 3 is a top plan view with parts broken away
and others omitted for clarity;
Figure 4 is a side elevation of the modular inde-
pendent suspension assembly of this invention with
parts broken away, others omitted, and a wheel as-
sembly shown in phantom;
Figure 5 is a perspective view of the independent
modular suspension assembly of this invention with
parts broken away and others omitted for clarity, the
wheel assembly being in a steering mode;
Figure 6 is a section through one of the four inboard
control arm pivots of the suspension illustrating par-
ticularly the sliding bearing which joins the control
arms to the control arm mounting assembly; and
Figure 7 is a section through the unique lower steer-
ing knuckle ball joint at the outer end of a lower con-
trol arm.

DESCRIPTION OF A SPECIFIC EMBODIMENT

[0015] Like reference numerals will be used to refer
to like or similar parts from Figure to Figure in the fol-
lowing detailed description of the drawing.
[0016] An off-highway vehicle is indicated generally
at 10 in Figure 1, the vehicle being, in this instance, a
hauler having a cab, indicated generally at 11, and a bin,
indicated generally at 12. The cab and bin are mounted
on a flexible frame of which the left longitudinal main
frame member is indicated at 13. The vehicle has, in this
instance, four axles indicated generally at 14, 15, 16 and
17, each having mounted thereon, in this instance, a sin-
gle tire wheel assembly 18, 19, 20 and 21 respectively
on the left side of the frame. The frame is a flexible frame
in the sense that the cab and bin are separate structures
and can move with respect to one another during travel
as a result of the application of torsional forces to the
frame. Although a hauler has been illustrated, it will be
understood that the invention is applicable to any off-
highway vehicle, such as construction equipment, and,
also, military vehicles such as tank haulers.

[0017] In Figure 1 the hauler is shown moving to the
left in the direction of the arrow. The left front tire 22 has
encountered an obstacle in its path of travel and conse-
quently the entire wheel assembly 18 has been elevated
until the top of the tire is only a few inches below the
overlying platform 24 on which the engine is mounted.
Yet, at the same instant, left second axle wheel assem-
bly 19 has remained on the level terrain 26, as have the
third and fourth wheel assemblies 20 and 21. It should
be particularly noted that the driver's cab 11 has been
displaced upwardly very little, if at all, from its normal
level terrain position even though left tire assembly 18
has been displaced upwardly at least about 1υ feet. The
independent suspension aspect of the front axle assem-
bly can be further appreciated from the fact that the right
front tire 28 remains on level terrain even though left
front wheel assembly 18 is elevated.
[0018] Figure 2 illustrates any one of axles 14-17 on
a level plane. For convenience, it will be understood that
axle 14, which includes left and right front tires 22 and
28, is shown.
[0019] The main frame members are indicated at 13
and 30. A cross member assembly is indicated generally
at 31, the construction of the cross member not being
especially critical so long as it includes means, here in-
wardly directed flanges 32, 33, which provide a base for
securement of the independent suspension assembly
to the frame.
[0020] The independent suspension assembly in-
cludes a left upper control arm mounting assembly 34,
a left lower control arm mounting assembly 35, a right
upper control arm mounting assembly 36 and a right
lower control arm mounting assembly 37. Since the ar-
rangement of the control arm mounting assemblies is
identical except being mirror images of one another from
side to side on the chassis, only the left one will be de-
scribed.
[0021] Left control arm mounting assembly 34 in-
cludes a frame which comprises an L-shaped bracket
40 whose upper arm 41 is secured to flange 32 of the
cross member 31. A pair of vertical braces, one of which
is illustrated at 42 and another of which is illustrated at
43 in Figure 5, provide anchor plates for the removable
components of the upper control arm assembly to be
described. In similar fashion, a lower bracket 44 is rigidly
spaced below the upper bracket 40, and one of several
vertical braces is indicated at 45, the latter braces pro-
viding anchor posts for the lower control arm mounting
assembly 35. The left and right control arm mounting
assemblies are thus integral with the cross member 31
and thus the frame members 13 and 30.
[0022] A differential assembly is indicated at 47, the
differential assembly being secured to the left and right
control arm mounting assemblies, but not to the cross
member 31. Thus, in order to repair or replace the dif-
ferential assembly it is only necessary to release the se-
curement means holding the differential assembly to the
control arm mounting assemblies and the differential as-
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sembly may be dropped downwardly following.
[0023] The left upper control arm, indicated generally
at 50, is illustrated best in Figures 2 and 5. It is generally
Y-shaped and includes front arm 51, see Figure 5, rear
arm 52, and stem 53. Each of arms 51 and 52 terminates
in a control arm pivot indicated generally at 54, see also
Figure 6, which receives a bushing assembly, described
hereinafter. The outer end of stem 53 receives a unique
two-piece ball joint to be described hereinafter.
[0024] Left lower control arm 56 is articulated, as best
seen in Figure 2, and also terminates at its inner end in
a pair of control arm pivots, the rearward one of which
is indicated generally at 57. The outer end of control arm
56 terminates in a projection 58 which is connected to
a ball joint. A wide plate area is indicated at 59, see Fig-
ure 5, between the projection 58 and the control arm
pivots assemblies on the inner ends of the control arm.
[0025] The construction of the control arm pivots can
be best visualized from Figures 5 and 6 which illustrate
that each of the upper and lower control arms is secured
to the chassis by means of two co-linear pivot pins that
allow the control arm assemblies 50, 56 to move in gen-
erally vertical directions. Bushings isolate the pins from
the arms thusly allowing confirmation to road shock and
enabling the system to absorb high-frequency road in-
puts.
[0026] The control arm pivot 54 includes a bushing 62,
see Figure 6, which consists of a pair of aligned hollow
rubber cylinders 63 having end flanges 64, 65 respec-
tively. A metal sleeve is received in the depression
formed in the outer circumference of each of cylinders
63, the rubber cylinders 63 being bonded to the metal
sleeve 66 so that metal-to-metal contact occurs be-
tween the bushing socket 71 and the exterior surface of
the bushing. A cylindrical steel sleeve 67 is bonded con-
centrically to the inside surface of each of rubber cylin-
ders 63. A thin walled cylindrical liner 68 is inserted into
the open end of each of the inner steel sleeves 67. A
thrust washer assembly is indicated generally at 69 at
each end of the bushing assembly. Preferably the thrust
washer assembly includes (a) a plastic ring which con-
tacts the outer ends of the cylindrical steel sleeves 67
and the rubber cylinders 63, and (b) a stainless steel
washer. Preferably the thrust washer assembly, and
specifically the plastic ring, is made from a synthetic lu-
bricant impregnated material. The cylindrical portion of
the liner formed by steel sleeves 67 provides an anti-
friction medium between the bushing's inner diameter
and the steel pin 70 that locates the bushing to the chas-
sis. The thrust washer assembly provides an anti-friction
medium between the bushing and the means on the
chassis that encapsulates it, thereby preventing fore
and aft motion. A means for lubricant to be injected into
the inner diameter of the bushing can be incorporated
to prolong the life of the anti-friction feature.
[0027] Fore-aft tolerance of the control arms along the
pivot pins is adjusted by U-shaped shims inserted fore
and/or aft of the bushing at each pivot point as needed

in the space provided. The retaining feature of the shims
requires them to be used in pairs at a given point. After
the shim pair is installed they are rotated in opposite di-
rections until holes, pre-made in the base of the U of
each shim, line up. Fasteners are then installed through
the holes and tightened preventing the shims from ro-
tating relative to each other. In this position the legs of
one shim's U cross those of the other, retaining them
jointly around the pin.
[0028] The outer ends of the control arms 50, 56 are
secured to a unique universal joint assembly of which
lower ball joint 72 will be described as shown in Figures
4, 5 and 7. The ball joint consists essentially of only two
pieces, a tapered stud 73, and spherical bearing 74. Re-
tention of the stud in the bearing is accomplished by a
retaining bolt 75. The purpose in doing this is to make
removal of the wheel end simple. By removing the re-
taining bolt 75 the wheel end can be separated from the
suspension control arms without removal of the bearing
from the control arm or tapered stud from the steering
knuckle. The spherical bearing is retained in projection
58 by a housing 76 and cap screws 77. The tapered stud
73 is retained in the lower arm 80 of a steering knuckle
indicated generally at 81. The steering knuckle has an
upper arm 82 which receives the tapered stud of an up-
per ball joint assembly 83. In this instance a steering
arm 84, see also Figure 3, is clamped to the upper sur-
face of upper arm 82 by the tapered stud, the upper arm
82 and steering arm 84 being proportioned so that the
ball joint assembly, including the tapered studs, is inter-
changeable from the upper to the lower steering knuckle
arms.
[0029] A sway bar is indicated at 86 in Figures 2, 3
and 4, the left end of sway bar 86 being pivotally con-
nected to a shaft 87 whose outer end is received in the
upper socket 88 of an extensible and retractable link 89,
see Figure 4, whose bottom socket 90, Figure 4, is piv-
otally connected by pin 91 to anchor 92 stud located at
the outer end of stem 52 of the left upper control arm
50, see particularly Figure 5.
[0030] The spring system for the modular independ-
ent suspension is illustrated best in Figures 2 and 5 and,
to a lesser extent, in Figures 3 and 4. An upper spring
retaining bracket is indicated generally at 94, the bracket
being, in effect, a foursided housing open at the bottom
and outside, and being welded or otherwise suitably se-
cured to the outside of left main frame member 13. In
this instance the top wall 95, Figure 3, is located several
inches above main frame 13, see Figures 4 and 5. A
rocker plate 96, see Figure 2, is pivotally secured to a
pivot pin 97, see Figures 2 and 5, received in stud 98
which is fast with left lower control arm 56. A long coil
spring having a low spring rate is indicated at 99, the
lowest coil of the spring being secured to rocker plate
96 and the upper coil being secured to top plate 95. Due
to the long wheel travel of the independent suspension
system, the coil spring 99 must be very long and, as
seen in the Figures, a coil spring of much greater than
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normal length is illustrated. The long coil spring, in com-
bination with the necessary small coil diameter, could
lead to instability of the spring. As a consequence, a
spring guide assembly is provided, the guide assembly
comprising a tube or bar 100 which extends downwardly
from the top plate 94 and is secured to the top plate 94
by bolt 101. By protruding into the top end of the spring,
the length of the coil which is capable of buckling is re-
duced. This reduces the length-to-width ratio of the coil
to a stable configuration.
[0031] Preferably the spring guide extension is made
from a synthetic, low friction abrasion resistant material.
The spring guide assembly stabilizes the inside diame-
ter of the coil without wear, generation of heat/damping,
or other adverse effects.
[0032] A bump-stop feature is indicated generally at
104 in Figures 2 and 5. The bump stop may consist of
a rubber cushion 105 which is mounted to a base plate
106 which in turn is secured to one of two triangular
struts 107, 112, which in turn are welded or otherwise
suitably secured to the main frame members 13 or 30.
As best seen in Figure 5 the bump-stop is positioned to
engage the upper control arm 50 early in the upward
travel of control arm 50. In addition to serving as a cush-
ioned suspension stop the cushion 105 also acts as a
helper spring, augmenting the load carrying capacity of
the coil spring 99.
[0033] A rebound stop assembly is indicated general-
ly at 108 in Figure 2. It will be understood that proper
design of a coil spring suspension requires that the in-
stalled coil never be allowed to extend to a length that
would remove its compressive force. When in full, unre-
strained rebound, such a suspension would have loose
springs which produce a rattle and there would be the
danger of the spring slipping out of its installation. Such
a result is precluded by the rebound stop assembly 108
which consists of, preferably, a very hard, yet compress-
ible, plastic doughnut or puck-like member 109 which is
mounted by support plate 110 to the underside of control
arm 52. A stop plate is indicated at 111, the stop plate
being aligned with the arc of movement of rebound
member 109. In this instance the stop plate is shown as
welded or otherwise suitably secured to its associated
control arm assembly. By proper placement and posi-
tioning of the rebound stop member 109 and the stop
plate 111, the extension of coil spring 99 can be control-
led during rebound to preclude the coil spring from ex-
tending to a length at which its compressive force is neu-
tral, or negative.
[0034] As is well known, coil spring suspensions are
designed to include a spring preload which requires that
the free length of the spring be greater than the room
allowed for it in an assembled condition. Conventionally,
in such a suspension, a spring compressor is required
for assembly. However, compressing the springs for a
heavy duty suspension such as that here illustrated is a
difficult and dangerous procedure.
[0035] Such difficulty and danger is eliminated in the

instant system by merely removing the rebound limiter
109. Thereafter a free coil spring may be installed in the
suspension, and a floor jack or even the weight of the
vehicle used to compress the coil spring enough to in-
stall the rebound limiter 109.
[0036] Referring now to Figure 3, it will be noted that
drum brakes 114 have been illustrated in the wheel as-
sembly. This is important in that this is the major con-
tributor to the modular independent suspension assem-
bly's narrow width. Given the width of the differential
housing, the length of the control arms required for long
wheel travel, and the width of a wheel rim and hub, the
brake assembly must be a structure which "shares" sus-
pension width with other components, as opposed to
adding overall width to the suspension. Drum brakes ac-
complish this by sharing width with the hub assembly,
fitting around it without adding width to it. Further, pref-
erably the drum brake is located around a planetary gear
set within the wheel.
[0037] Many advantages of the disclosed modular in-
dependent suspension will be immediately apparent
from the foregoing description. Several of these advan-
tages are especially noteworthy as follows:
[0038] If the suspension is employed in a steering axle
configuration, the steering arm of the steering knuckle
is linked to the steering gear via a tie rod which allows
the steering knuckle to be rotated about its ball joints to
steer the vehicle.
[0039] If the suspension is used in a non-steering axle
configuration, the tie rod serves to link the steering arm
knuckle to the chassis, thereby maintaining the knuckle
in a generally straight-ahead direction. The geometry of
the tie rod's attachment points, in both steering and non-
steering axles, is such that suspension travel does not
generate undesirable steering effects.
[0040] Various weight carrying capacities, ride,
heights, and deflection rates can be accommodated by
installing coil springs of the appropriate length and stiff-
ness, and by positioning the coil spring assembly's
mounting point on the chassis accordingly. If desired, a
shock absorber 115 with necessary dimensions and de-
sired damping characteristics can be provided. In this
instance, the upper end of shock absorber 115 is pivot-
ally connected to triangular strut 112 by a pivot pin 113,
see Figure 5, and the lower end is pivotally connected
to the wide plate area 59 on the lower control arm.
[0041] Referring now to Figures 2 and 5, and assum-
ing that the suspension is used in a driven axle config-
uration, halfshaft 115 connects the output 116 of the dif-
ferential to the input 117 of the axle shaft in the wheelend
carrier. The half shaft is connected to the output 116 of
the differential via a Cardon type universal joint 118. The
halfshaft 115 is then connected to the axle shaft in the
wheelend carrier by a double-Cardon joint 119. In the
case of a non-steering configuration, the double-Cardon
could be replaced by a single-Cardon joint.
[0042] As consequence, removal of the halfshaft 115
for maintenance and/or replacement can be easily ac-
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complished without disassembly of the suspension.
This is done be removing the shaft retaining bolt in the
wheelend and the four bolts which mount the single Car-
don to the differential output yoke. The shaft is then re-
moved by pulling it out from the suspension, slipper yoke
end first.
[0043] Wheelend gearing can be used to reduce the
torque transmitted by the halfshaft when direct drive is
not appropriate.
[0044] By the same token, the modular independent
suspension permits replacement of the differential with-
out disassembly of wheelends or suspension linkages.
This is primarily a result of the control arm bracketry
which attaches to the chassis crossmembers as well as
the differential housing.
[0045] In summary, the modular independent suspen-
sion concept heredisclosed constitutes a basic design
readily adaptable to almost any vehicle configuration.
Further, it allows a high degree of parts commonality
among steering, non-steering, driven and non-driven
axles on a particular vehicle, and minimizer the addition-
al effort required to incorporate additional axles into a
base vehicle design.
[0046] Although a specific embodiment and variations
thereof have been illustrated and described herein, it will
be understood that modifications and betterments of the
hereindisclosed concepts may be made within the skill
of the art. Accordingly, it is intended that the scope of
the invention be limited solely by the scope of the here-
after appended claims.

Claims

1. A modular independent suspension for both driven
and non-driven axles and both steerable and non-
steerable wheels mountable directly to a vehicle
chassis supported by the suspension without use
of an intermediary sub-frame whereby wheel axle
loads imposed on a wheel assembly supported by
the suspension are transmitted directly from the
wheel assembly to the vehicle chassis, the modular
independent suspension including:

a steering knuckle (81) forming part of a wheel
assembly which includes a wheel having a tire
(22,28);
a lower control arm (56) having an inner end
and an outer end, the lower control arm being
pivotally connected for rotation about a lower
pivot axis (57), at its inner end, to a chassis and,
at is its outer end to a first, lower location (80)
on the steering knuckle;
an upper control arm (51) having an inner end
and an outer end, the upper control arm being
pivotally connected for rotation about an upper
pivot axis (54), at its inner end, to the chassis
and, at its outer end to a second, upper location

(82) on the steering knuckle,
the lower pivot axis (57) and the upper pivot ax-
is (54) being perpendicularly vertically aligned
one to the other;
bracket means (40,44) integrally formed on the
chassis which define, firstly, the upper pivot ax-
is (54) for the upper control arm (51) and, sec-
ondly, the lower pivot axis (57) for the lower
control arm (56);
a coil spring (99) of greater-than-normal length
having an upper end and a lower end, the upper
end of the coil spring being anchored (94) to
the chassis and the lower end of the coil spring
being pivotally connected by pivotal connecting
means (97,98) to the lower control arm (56) at
a location on the lower control arm which is lo-
cated inwardly from the pivotal connection of
the lower control arm (56) to the steering knuck-
le (81),
the upper end of the coil spring (99) extending
upwardly a distance no greater than approxi-
mately the height of the tire (22,28) at static de-
flection with normal payload, and
the coil spring (99) being offset from a plane
which is perpendicular to the chassis and pass-
es through the pivotal connections of the upper
and lower control arms (51,56) to the steering
knuckle (51,56) to thereby provide clearance
for a drive shaft extending outwardly from the
chassis, through the steering knuckle, and to
the wheel assembly, characterized in that:

(a) the pivotal connecting means (97,98) at
the lower end of the coil spring (99) com-
prise a rocker plate (96), a pivot pin (97),
and a stud (98), an upper portion of the
rocker plate being secured to the lowest
coil of the spring, a lower portion of the
rocker plate (96) being pivotally secured to
the pivot pin (97), the pivot pin being re-
ceived in the stud (98), and the stud being
mounted on the lower control arm (56),
(b) a spring guide tube or bar (100) pro-
trudes into the top end of the spring (99) to
reduce buckling of the spring, and
(c) only a single coil spring (99) is provided.

2. The modular independent suspension of claim 1
further including

a shock absorber (115) having bracket means
(112) for connecting the shock absorber to the
chassis at its upper end,
the shock absorber being pivotally connected
to the lower control arm (56) at its lower end,
the shock absorber being located on the side
of the aforesaid plane opposite to the side on
which the coil spring (99) is located.
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3. The modular independent suspension of claim 1 or
claim 2 further including

a resilient rebound member (109) attached to
the upper control arm (51) to limit motion of the
wheel when the spring (99) is extended.

4. The modular independent suspension of any pre-
ceding claim further including

a resilient bump member (105) attached to the
chassis to limit motion of the wheel when the
spring is compressed.

5. The modular independent suspension of any pre-
ceding claim further characterized in that

the pivotal connection between the inner end of
the upper control arm (51) and the chassis, and
the pivotal connection between the inner end of
the lower control arm (56) and the chassis,
each includes pivot pin means carried by the
chassis and gripping means carried by the up-
per and lower control arms (51,56), respective-
ly, the pivot pin means being received within the
gripping means.

6. The modular independent suspension of any pre-
ceding claim further characterized in that

the length of the lower control arm (56) is great-
er than the length of the upper control arm (51).

7. The modular independent suspension of any pre-
ceding claim further characterized in that

the lower control arm (56) is articulated to
thereby provide high ground clearance.

8. The modular independent suspension of any pre-
ceding claim further characterized in that

the chassis includes a flexible frame (13).

Patentansprüche

1. Modulare unabhängige Aufhängung für angetriebe-
ne und nicht angetriebene Achsen und gelenkte
und nicht gelenkte Räder, welche direkt an dem
Chassis eines Fahrzeugs, welches durch die Auf-
hängung getragen ist, montierbar ist, ohne daß zwi-
schenliegende Unterrahmen verwendet werden,
wobei die Radachslasten, die auf ein von der Auf-
hängung getragenes Rad einwirken, direkt von der
Radanordnung auf das Fahrzeugchassis übertra-
gen werden, wobei die modulare unabhängige Auf-
hängung folgende Bestandteile aufweist:

eine Spurstange (81), welche einen Teil der
Radanordnung bildet, die ein Rad mit einem
Reifen (22, 28) einschließt;

einen unteren Steuerarm (56), welcher ein In-
nenende und ein Außenende aufweist, wobei
der untere Steuerarm schwenkbar für eine Dre-
hung um eine untere Schwenkachse (57) an
seinem Innenende an ein Chassis angeschlos-
sen ist und an seinem Außenende an einem er-
sten unteren Ort (80) an die Spurstange;

ein oberer Steuerarm (51) mit einem Innenen-
de und einem Außenende, wobei der obere
Steuerarm schwenkbar und drehbar um eine
obere Schwenkachse (54) an seinem Innenen-
de an das Chassis und an seinem Außenende
an einer zweiten oberen Stelle (82) an die Spur-
stange angeschlossen ist,

die untere Schwenkachse (57) und die obere
Schwenkachse (54) sind senkrecht in vertikaler
Richtung zueinander ausgerichtet;

Trägereinrichtungen (40, 44), die einstückig an
dem Chassis geformt sind, welche erstens die
obere Schwenkachse (54) für den oberen Steu-
erarm (51) und zweitens die untere Schwenk-
achse (57) für den unteren Steuerarm (56) de-
finieren;

eine Schraubenfeder (99) mit einer größer als
normalen Länge mit einem Oberende und ei-
nem Unterende, wobei das Oberende der
Schraubenfeder an dem Chassis verankert
(94) ist und das Unterende der Schraubenfeder
schwenkbar durch schwenkbare Verbindungs-
mittel (97, 98) mit dem unteren Steuerarm (56)
an einem Ort auf dem unteren Steuerarm ver-
bunden ist, welcher innerhalb der Schwenkver-
bindung des unteren Steuerarms (56) mit der
Spurstange (81) liegt,

das Oberende der Schraubenfeder (99) er-
streckt sich nach oben um eine Entfernung, die
nicht größer ist als etwa die Höhe des Reifens
(22, 28) bei einer statischen Auslenkung unter
normaler Nutzlast und die Schraubenfeder (99)
ist aus einer Ebene versetzt, welche senkrecht
zu dem Chassis liegt und durch die Schwenk-
verbindungen der oberen und unteren Steuer-
arme (51, 56) zu der Spurstange (51, 56) ver-
läuft, um hierdurch einen Freiraum für eine An-
triebswelle zu schaffen, die sich nach außen
von dem Chassis durch die Spurstange und zu
der Radanordnung erstreckt, dadurch ge-
kennzeichnet, daß:
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(a) die schwenkbaren Verbindungsmittel
(97, 98) am Unterende der Schraubenfe-
der (99) eine Wiegeplatte (96), einen
Schwenkstift (97) und einen Stutzen (98)
enthalten, wobei ein oberer Teil der Wiege-
platte an der untersten Windung der Feder
befestigt ist, ein unterer Teil der Wiegeplat-
te (96) schwenkbar an dem Schwenkstift
(97) befestigt ist, wobei der Schwenkstift in
dem Stutzen (98) aufgenommen ist und
der Stutzen auf dem unteren Steuerarm
(56) montiert ist,

(b) daß ein Federführungsrohr oder -stan-
ge (100) in das Oberende der Feder (99)
vorsteht, um das Ausbuckeln der Feder zu
verringern und

(c) daß lediglich eine einzige Schrauben-
feder (99) vorgesehen ist.

2. Modulare unabhängige Aufhängung nach An-
spruch 1 mit weiteren folgenden Bestandteilen:

einen Stoßdämpfer (100) mit Trägereinrichtun-
gen (112), um den Stoßdämpfer an seinem
Oberende mit dem Chassis zu verbinden,

der Stoßdämpfer ist mit seinem Unterende
schwenkbar mit dem unteren Steuerarm (56)
verbunden,

der Stoßdämpfer ist auf der Seite der oben ge-
nannten Ebene gegenüber der Seite angeord-
net, auf welcher die Schraubenfeder (99) ange-
ordnet ist.

3. Modulare unabhängige Aufhängung nach An-
spruch 1 oder 2, welche weiter einen federnden
Rückschlagteil (109) einschließt, der an dem obe-
ren Steuerarm (51) angebracht ist, um die Bewe-
gung des Rades zu begrenzen, wenn die Feder (99)
ausgefahren wird.

4. Modulare unabhängige Aufhängung nach einem
der vorstehenden Ansprüche, welche ferner einen
federnden Pufferteil (105) einschließt, der an dem
Chassis angebracht ist, um die Bewegung des Ra-
des zu begrenzen, wenn die Feder zusammenge-
drückt wird.

5. Modulare unabhängige Aufhängung nach einem
der vorstehenden Ansprüche, dadurch gekenn-
zeichnet, daß die Schwenkverbindung zwischen
dem Innenende des oberen Steuerarms (51) und
dem Chassis und die Schwenkverbindung zwi-
schen dem Innenende des unteren Steuerarms (56)
und dem Chassis je Schwenkstifteinrichtungen ein-

schließt, die durch das Chassis getragen sind und
Greifeinrichtungen, welche durch den oberen bzw.
unteren Steuerarm (51, 56) getragen sind, wobei
die Schwenkstifteinrichtungen in den Greifeinrich-
tungen aufgenommen sind.

6. Modulare unabhängige Aufhängung nach einem
der vorstehenden Ansprüche, dadurch gekenn-
zeichnet, daß die Länge des unteren Steuerarms
(56) größer ist als die Länge des oberen Steuer-
arms (51).

7. Modulare unabhängige Aufhängung nach einem
der vorstehenden Ansprüche, dadurch gekenn-
zeichnet, daß der untere Steuerarm (56) gelenkig
verschwenkbar ist, um eine große Bodenfreiheit zu
gewährleisten.

8. Modulare unabhängige Aufhängung nach einem
der vorstehenden Ansprüche, dadurch gekenn-
zeichnet, daß das Chassis einen flexiblen Rahmen
(13) enthält.

Revendications

1. Suspension modulaire indépendante pour à la fois
des essieux moteurs et non moteurs et à la fois des
roues directrices et non directrices pouvant être
montés directement sur un châssis de véhicule sup-
porté par la suspension sans utilisation d'un faux
châssis intermédiaire grâce à quoi des charges
d'essieux à roues imposées sur un ensemble à
roues supporté par la suspension sont transmises
directement de l'ensemble à roues au châssis du
véhicule, la suspension modulaire indépendante
comprenant :

une fusée de direction (81) faisant partie d'un
ensemble à roue qui comprend une roue ayant
un pneumatique (22, 28) ;
un bras inférieur de commande (56) ayant une
extrémité intérieure et une extrémité extérieu-
re, le bras inférieur de commande étant relié de
façon pivotante afin de tourner autour d'un axe
inférieur (57) de pivotement, par son extrémité
intérieure, à un châssis et, par son extrémité
extérieure à un premier emplacement inférieur
(80) sur la fusée de direction ;
un bras supérieur de commande (51) ayant une
extrémité intérieure et une extrémité extérieu-
re, le bras supérieur de commande étant relié
de façon pivotante afin de tourner autour d'un
axe supérieur (54) de pivotement, par son ex-
trémité intérieure, au châssis et, par son extré-
mité extérieure, à un second emplacement su-
périeur (82) sur la fusée de direction,
l'axe inférieur (57) de pivotement et l'axe supé-
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rieur (54) de pivotement étant alignés perpen-
diculairement et verticalement entre eux ;
des moyens à consoles (40, 44) formés de fa-
çon intégrée sur le châssis qui définissent, pre-
mièrement, l'axe supérieur (54) de pivotement
pour le bras supérieur de commande (51) et,
deuxièmement, l'axe inférieur (57) de pivote-
ment pour le bras inférieur de commande (56) ;
un ressort hélicoïdal (99) d'une longueur supé-
rieure à la normale ayant une extrémité supé-
rieure et une extrémité inférieure, l'extrémité
supérieure du ressort hélicoïdal étant ancrée
(94) au châssis et l'extrémité inférieure du res-
sort hélicoïdal étant reliée de façon pivotante
par des moyens de liaison pivotante (97, 98) au
bras inférieur (56) de commande en un empla-
cement sur le bras inférieur de commande qui
est situé intérieurement par rapport à la liaison
pivotante du bras inférieur (56) de commande
avec la fusée de direction (81),
l'extrémité supérieure du ressort hélicoïdal (99)
s'étendant vers le haut sur une distance non su-
périeure à approximativement la hauteur du
pneumatique (22, 28) en déformation statique
sous une charge utile normale, et
le ressort hélicoïdal (99) étant décalé d'un plan
qui est perpendiculaire au châssis et passe par
les liaisons pivotantes des bras supérieur et in-
férieur (51, 56) de commande avec la fusée de
direction (51, 56) afin de laisser un espace pour
un arbre de transmission s'étendant vers l'ex-
térieur depuis le châssis, à travers la fusée de
direction et jusqu'à l'ensemble à roue, caracté-
risée en ce que :

(a) les moyens de liaison pivotante (97, 98)
à l'extrémité inférieure du ressort hélicoïdal
comprennent une plaque oscillante (96),
un pivot (97) et un tenon (98), une partie
supérieure de la plaque oscillante étant
fixée à la spire la plus basse du ressort, une
partie inférieure de la plaque oscillante (96)
étant reliée de façon pivotante au pivot
(97), le pivot étant reçu dans le tenon (98)
et le tenon étant monté sur le bras inférieur
de commande (56),
(b) un tube ou une barre (100) de guidage
de ressort pénètre dans l'extrémité supé-
rieure du ressort (99) pour réduire le flam-
bage du ressort, et
(c) un seul ressort hélicoïdal (99) est prévu.

2. Suspension modulaire indépendante selon la re-
vendication 1, comprenant en outre

un amortisseur (115) ayant un moyen à console
(112) pour relier l'amortisseur au châssis par
son extrémité supérieure, l'amortisseur étant

relié de façon pivotante au bras inférieur de
commande (56) par son extrémité inférieure,
l'amortisseur étant placé sur le côté du plan
précité opposé au côté sur lequel le ressort hé-
licoïdal (99) est placé.

3. Suspension modulaire indépendante selon la re-
vendication 1 ou la revendication 2, comprenant en
outre

un élément élastique (109) de rebond fixé au
bras supérieur (51) de commande pour limiter
le mouvement de la roue lorsque le ressort (99)
est en extension.

4. Suspension modulaire indépendante selon l'une
quelconque des revendications précédentes, com-
prenant en outre

un élément élastique de butée (105) fixé au
châssis pour limiter le mouvement de la roue
lorsque le ressort est en compression.

5. Suspension modulaire indépendante selon l'une
quelconque des revendications précédentes, ca-
ractérisée en outre en ce que

la liaison pivotante entre l'extrémité intérieure
du bras supérieur de commande (51) et le
châssis, et la liaison pivotante entre l'extrémité
intérieure du bras inférieur de commande (56)
et le châssis comprennent chacune un moyen
à pivot porté par le châssis et un moyen de ser-
rage porté par les bras supérieur et inférieur
(51, 56) de commande, respectivement, les
moyens à pivots étant reçus dans les moyens
de serrage.

6. Suspension modulaire indépendante selon l'une
quelconque des revendications précédentes, ca-
ractérisée en outre en ce que

la longueur du bras inférieur de commande (56)
est plus grande que la longueur du bras supé-
rieur de commande (51).

7. Suspension modulaire indépendante selon l'une
quelconque des revendications précédentes, ca-
ractérisée en outre en ce que

le bras inférieur de commande (56) est articulé
afin d'établir une garde au sol élevée.

8. Suspension modulaire indépendante selon l'une
quelconque des revendications précédentes, ca-
ractérisée en outre en ce que

le châssis comprend un cadre flexible (13).
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